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of the Academie Royale des Sciences and therefore could not participate in the exchange of ideas in the academy. Caroline Herschel, in spite of having had her astronomy findings published in the Philosophical Transactions of the Royal Society of London, was not a member of the society. Maria Winkelmann's attempts to become an assistant astronomer at the Berlin Academy after her husband's death failed, notwithstanding a recommendation from Leibniz.5 The recently founded scientific academies generally followed the practice long established in universities of excluding women from their activities.6
In Italy, however, a few women succeeded in carving out a niche for themselves in the new scientific order. They were excluded neither from the universities and the scientific academies nor from the knowledge expounded by these institutions.7 One of the most important of these women was Laura Bassi Verati, who lived in Bologna, a town in the Papal Estates, during the eighteenth century.8 LAURA MARIA CATERINA BASSI, the only surviving child of a lawyer of moderate means, was born in Bologna on October 20, 1711. Her father, through his work, had contact with members of the town's aristocracy. When she was five years old, Bassi began to study Latin under the supervision of her cousin Father Lorenzo Stegani, who also taught her French and arithmetic.9 At the age of thirteen, she began to study philosophy under Gaetano Tacconi, the family doctor, who taught Other nominations followed: in 1745, Bassi became a member of the newly founded Benedettina Academy, which had been created within the Academy of Sciences by Pope Benedict XIV and named after him. This academy consisted of a class of twenty-four scholars selected from the best-known members of the Academy of Sciences, and they received 100 lire a year for presenting original works at the academy annually at a pre-determined date and for attending three-quarters of all academic meetings. The pope organized the Benedettini in order to increase the quantity of research done at the Academy of Sciences. The number of dissertations presented to the academy had been declining since 1734-1735 and reached an all-time low in the early 1740s, during the War of Austrian Succession. 14 Then, in 1766, Cardinal Alessandro Albani, Cardinal Protector of the Collegio Montalto, nominated Bassi as preceptor to the college's students in experimental physics. The college had been founded by Pope Sixtus V and was essentially a free seminary for students of Marche Province, who ranged in age from eighteen to twenty-four. While at the college, the students attended lectures at the university or at the professors' homes to obtain degrees in either law or theology and law. From 1704 on, the students were also introduced to courses in the sciences, for which Bassi was, from 1766 to her death in 1778, one of the lecturers.'5 Finally, in 1776, Bassi became professor of experimental physics at the Institute of Sciences, a larger body of which the Academy of Sciences was part. The institute, which opened its doors in 1714, was a public institution whose goals were not only to provide scientific facilities to the members of the Academy of Sciences but also to teach the sciences to university students by a different approach than the method used at the university, that is, with an emphasis on observation and experimentation.'6 Bassi's promotions to preceptor and eventually professor in experimental physics at the Collegio Montalto and the Institute of Sciences, respectively, came after many years of teaching experimental physics at home to students attending the university.'7 Her teaching at home began after her Gab7iella Berti Logan Morati (1526-1555) was educated in natural philosophy, as was Margherita Sarrocchi Birago (1560-1617), who also had extensive knowledge of geometry. Elena Lucrezia Cornaro Piscopia (1646-1684) added mathematics and astronomy to her studies in theology, philosophy, and dialectics. 22 What her philosophy teacher Gaetano Tacconi taught Laura Bassi can be surmised, to a certain extent, by the forty-nine theses she had to defend in order to obtain a degree. Six of the theses were in logic, sixteen in metaphysics, and sixteen in physics, specifically, the nature of matter, motion, and meteors. The rest of the theses were concerned with the nature of the mind or soul. In good Aristotelian tradition, these theses separated the intellectual and sensitive capacities of the soul. Aristotelian influences can be detected in Thesis IX of physics dealing with motion, whereby the surrounding medium was viewed as having the capability to impart movement to the object.23 Cartesian influences can be detected in De causis, Thesis IX, whereby no second cause had such a force that it could act at a distance. Other Cartesian influences are found in the physics section, particularly in the concept of extended matter.24 Paracelsian influences are apparent in the physics section in De meteoris, Thesis XIII, in the gunpowder concept of thunder and lightning.25 The influence of the Galilean and Torricellian school is found in De motu, Theses X and XI of the physics section, whereby the motion of liquids was dependent on gravity. Only Thesis V of the section De anima illustrates Newton's influence, specifically his theory on light and color found in his OptickS.26 Even Bassi's public disputation, degree, and membership at an academy of sciences had precedents. Bittizia Gozzadini (1209-1261) and Elena Cornaro Piscopia had received degrees in law and philosophy at Bologna and Padua, respectively. Gozzadini, Novella Calderini, and Dorotea Bocchi may have taught occasionally at the University of Bologna, the first two in law during the thirteenth and fourteenth centuries respectively, Bocchi in medicine during the early fifteenth century. Cassandra Fedele (1465-1558) delivered orations at the University of Padua. In 1722, Maria Delfini Dosi successfully defended her theses in law at the University of Bologna; however, through lack of support, she failed to obtain a degree. Women were also members of academies with scientific research interests. Piscopia had been made a member of Padua's Accademia dei Ricoverati. Several women were members of Bologna's Accademia dei Gelati; others were attached to the town's Accademia degli Inquieti, the future Academy of Sciences, 22 Masetti-Zannini, Motivi storici della educazione femminile: Scienza, 37-49; G. Gabrieli, "Luca Valerio Linceo," Rendiconti della R. Accademia Nazionali dei Lincei: Classe di scienze morali . .. , serie 6, vol. Bassi was aware of the women who had preceded her, of their accomplishments, and of how they could serve as an example to her.28 Most important, the men who supported her, such as Cardinal Lambertini and Jacopo Beccari, understood that women had played a role at the University of Bologna in the past; therefore, these men saw no reason why they should not do so again.29 In Lambertini's case, he had the clout to act on his beliefs. Since his arrival at Bologna in 1731, Lambertini, as the town's archbishop, had worked to ensure that the Bologna senators, who controlled appointments at the university and the Institute of Sciences, would allow Bassi to defend her theses, give her a degree, and appoint her as a lecturer at the university. He proposed her as a symbol of the moral value of education. Bassi's accomplishments would enhance the prestige of the town and of the university, as had the accomplishments of other women in the past.30 In spite of the cardinal's best efforts, the Senate and several men in the academic community, of whom the physician Giovanni Bianchi could be used as an example, felt that Bassi's degree, lectureship, and membership in the public Academy of Sciences should remain purely symbolic: she was not to lecture at the university or use the facilities at the Academy of Sciences unless requested to do so by the authorities in charge of those institutions.31
Bassi could have rested on her laurels, received the money that was granted her, and made an appearance only when invited by the university administration; however, she refused to fade into the background as women had done in the past. Instead, after what might appear to be a period of hesitation, Bassi actively sought support from the men who encouraged a larger role for women in the academic and scientific life of the town and thus ensured herself a regular place in this life. In fact, through her twenty-nine years of teaching and through the dissertations she presented yearly at the Academy of Sciences from 1746 on, Bassi not only participated in the scientific life of the town but contributed substantially to it Several biographical sketches of Laura Bassi appeared through the years, the first of which was Giovanni Fantuzzi's eulogy in 1778. These sketches are characterized by their brevity and failure to explain how Bassi was able to contribute to the scientific activities of the town.33 Some authors have, however, been more successful in assessing Bassi's scientific interests: Marta Cavazza in Settecento inquieto (1990) discusses the Cartesian influences found in the theses Bassi had to defend to order to obtain her degree. These theses reflected the interests of Bassi's teacher, Gaetano Tacconi, and not of the author herself, who was a Newtonian as early as 1732. Bassi's Newtonianism was made clear in her first lecture at the university in December 1732, when she stated that the philosopher's duty was to deduce the laws that governed nature from phenomena that could be observed experimentally. might entail. During that period, Bassi gave a few lessons at the university at the administration's request, but mostly she participated in yearly disputations on anatomical lessons given by other lecturers. These lessons took the form of a debate in which a thesis presented by the lecturer was attacked by assigned university lecturers present at his lesson.42 Bassi also began to learn Greek and to write poetry; the poetry was undertaken partly as a social activity, mostly at the request of local aristocrats.43 Her initial attempts to take mathematics lessons and to obtain access to books in the Vatican's Index Librorum Prohibitorum led nowhere until 1735, when she was twenty-four years old.44 According to Monsignor Leprotti, the pope's physician, males involved in the sciences were usually granted access to the Index's books when they reached twenty-four years of age. The natural philosophy books in the Index-the works of Galileo, Descartes, Kepler, Copernicus, Fontanelle, and others-were essential reading for anyone interested in pursuing physics beyond the amateur level. 45 It appears that Bassi, like the men, was granted access to the Index's books by 1735, since it was only then that she began a three-year study of mathematics with Gabriele Manfredi, one of the pioneers of infinitesimal calculus in Italy and a man she knew well from as early as 1732. 46 The fact that Bassi waited until 1735 to take mathematics lessons, which she presumably could have taken at any time after 1732, seems to indicate that those lessons would only have been worthwhile, or even possible, for someone like her, interested in pursuing physics seriously, if she could also study some of the most important works written on the subject and Francesca Manzoni, a serious scholar, albeit not in the sciences, was also denied access to them, in spite of being thirty years old at the time of applying. Perhaps Cardinal Lambertini again interceded on Bassi's behalf.47 It is important to stress that Bassi's willingness to pursue three years of higher mathematics after she had been made a paid lecturer at the university is a measure of her commitment to contribute to physics beyond the amateur level.
Bassi now could settle down to her studies, careful observations, and experimentations-methods that, as her first lesson at the university expounded, were essential for the pursuit of natural philosophy.48 Scientific pursuit also required the exchange of ideas and material and often involved working with collaborators, as was the practice in the Academy of Sciences of Bologna.49 Gossip, however, plagued Bassi's meetings with men of science. These meetings took place at Bassi's home and allowed her and her scientific collaborators to exchange ideas and investigate Newton's experiments on light and colors. Some members of Bolognese society evidently thought that hosting these meetings was not appropriate behavior for a young single woman; they claimed that Bassi was probably using the meetings as an excuse to have assignations with men.50 It was the type of gossip a woman had to avoid if she desired a good working relationship with the Vatican. Consequently, in 1738, Bassi decided to take a step that she hoped would allow her to pursue her scientific activities and, at the same time, put an end to the gossip. This step was marriage. In a letter dated April 26, 1738, Bassi explained to Bianchi the reasons for her marriage. According to her, marriage had not been a priority. But, my domestic circumstances have induced me to change my mind and make this decision. As I am sure you are someone who can judge matters as they are, you will be incapable of condemning the marriage, and you will not view it as a reason for detaching myself from the studies I am under obligation to profess, which I had hoped quietly to pursue in this life; therefore, I have chosen a person who walks my path in the arts and who, through long experience, I was certain would not impede me from following mine.5' The marriage to Giuseppe Veratti put an end to the gossip and made it easier for Bassi to attend meetings at the academy (along with her husband, although Veratti made no objection to her attending alone, as she did in 1746 while he was away). AFTrER HER MARRIAGE, Bassi made several attempts to give regular lessons at the university so that, as she told Scarselli, she could justify her salary. By 1739, the university administration had increased her salary by 160 lire and stated that she could teach regular classes at the institution, yet these classes did not materialize.54 Attempts to regularize her situation at the university were also made by several cardinal legates-the pope's representatives in Bologna-and by her former mathematics teacher, Gabriele Manfredi, but without success. During the period of Cardinal Legate Alberoni (1741-1743), times for regular lessons had been arranged-a fact also confirmed by the Atti of the Assunteria di Studio of November 1741. The lessons did not take place, however, because of the uninvited arrival of Spanish troops (1742-1744), which disrupted the government, caused havoc in the surrounding countryside, and forced the closure of the university, followed by a series of illnesses that affected both Bassi and the cardinal at the end of his legation. In 1749, again under pressure from a new cardinal legate and because of a shortage of anatomy teachers, the Assunteria decided that Bassi could lecture on anatomy, which was not her field of expertise; this last attempt, like all the preceding ones, led nowhere.55
The intercession of several cardinal legates on Bassi's behalf may not have endeared her to the senators, who controlled the Assunteria di Studio, and ultimately may have hindered rather than helped her efforts. There was a constant struggle for power between the senatorial oligarchy, which had always controlled the local government, and the central government in Rome, represented in Bologna by the cardinal legate. In this struggle, the senators were losing ground throughout the eighteenth century. Obstacles to Bassi's public teaching on the administration's part should be viewed in this context and not be attributed solely to misogyny.56 This is not to say that Bassi did not have allies within the senatorial class or did not attempt to form alliances with them, since she was well aware that her fate was in the hands of these few men. Senator Filippo Aldrovandi had intervened in the dispute between her and her first teacher, Tacconi; he was one of the senators in favor of granting her a lectureship and was godfather to one of her children, as was Senator Pepoli.57 Bassi and her family were also on friendly terms with Scarselli, who had been a professor of literature at the university and a member of the Academy of Sciences before he became secretary to the Senate's ambassador in Rome. The friendship continued after Scarselli's departure for Rome in 1742 and was to prove very useful to Bassi.58
At the same time Bassi was struggling to give regular lessons at the university, she began to give private lessons at home. At first, she taught mathematics, a course that apparently did not succeed. In 1749, Bassi switched to teaching experimental physics. This course became so popular that what began as a private enterprise aimed at young people starting off at the university soon grew into a course attended by grown men interested in physics.59 The teaching of physics at the Institute of Sciences, unlike that at the university, was supposedly based on experimental work as well as on theory. However, as this teaching was the responsibility of the head of the physics section or, in his absence, his assistant, the type of physics taught there depended on their interests.60 From 1734 to 1770, Domenico Galeazzi was professor of physics at the institute and Paolo Balbi was his assistant. In 1770, Balbi took over Galeazzi's position, and Bassi's husband Veratti became his assistant. All of these men were medical scholars, and, although they presented dissertations in physics, particularly Veratti, who had several on electricity, their dissertations were generally physiological in nature, and their teaching of physics tended to be applied to physiology.6' This focus provided an opportunity for Bassi, who had studied advanced mathematics, had done experiments in optics, hydrometry, electricity, and on Boyle's law, to offer a course in experimental physics, which was not readily available at the institute.
Some Historians have failed to grasp how important these private lessons were to Bassi and to Bologna. Teaching at home, Bassi was not constrained by the university's curriculum, which remained essentially Aristotelian even though modern philosophies were available, as Bassi's theses illustrated.66 She could use her lectures to spread Newtonian philosophy and, as will be discussed below, the Franklinian system of electricity. Bassi kept abreast of the latest debates in natural philosophy, repeated many of the experiments herself, and most likely passed them on, at least to those students who wanted to pursue natural philosophy. Her young cousin Lazzaro Spallanzani had come to Bologna to study law but as a result of Bassi's teaching switched to the sciences, to which he made major contributions while she was still alive.67 Teaching at home was commonly done in Italy and had been officially recognized by the Bologna Senate in 1665. Home lessons were used, as in Bassi's case, to impart new ideas and innovative methods to natural philosophy stu-dents.68 Bassi's private lessons were recognized by the members of the Assunteria di Studio, which increased her university salary because of them.69 The success of Bassi's private lessons ensured her nomination as lecturer in experimental physics at the Collegio Montalto. The nomination did not alter the venue for her teaching, since the college had no institutional facilities of its own, and students had to attend classes either at the home of the lecturer or at the university. The nomination, however, did increase the number of students attending her course and her income: lecturers were paid approximately 54 scudi, or 378 lire, per year. There is evidence that Bassi sought this position: in a letter to Scarselli, she asked how best to approach Alessandro Albani, the cardinal protector of the college.70
In 1776, the senators, who also controlled the administration of the Institute of Sciences, finally rewarded Bassi's many years of private lessons by naming her professor of experimental physics at the institution. She had requested admission to the professoriate of the institute since 1773. Her initial intent may have been to be assistant to her husband, who had been responsible for the chair of physics there since 1772, after Balbi, the holder of the position, had become ill. In the usual course of things, Veratti would have been made professor after Balbi's death in 1776, since he had been Balbi's assistant; apparently, however, Veratti had been unable to teach both the experimental and theoretical aspects of physics, which were his responsibility. Without doubt, Veratti would have had trouble handling the mathematical aspect of physics. He did not have the mathematical training his wife had, and his dissertations presented no mathematical solutions to physical problems; they leaned toward physics applied to physiology. In spite of Bassi's qualifications in mathematics, the administration decided to split up the physics section for the first time, thereby giving Bassi the experimental physics section with Veratti as her assistant. The physical mathematics section, which dealt mostly with mechanics, was assigned to S. Canterzani, the institute's secretary, with G. Bonaccorsi as his assistant. Another factor in the splitting of the physics section was a dispute between the Verattis and Bonaccorsi, who complained that the couple was impeding his access to the laboratories.7'
For the first time after many years of struggles with the senatorial administration of both the university and the institute, Bassi was allowed to teach in public on a regular basis, but this good fortune came only two years before her death. 71 It is arguable how qualified Bonaccorsi was to act as assistant to Canterzani in the mathematicalphysics section: most of his dissertations, of which he published none, tended, even more than Veratti's, to be concerned with the biological sciences rather than physics, which indicates that the splitting of the section was done to bring peace to the department; see Rosen, "Academy of Sciences," the Benedettini. In a letter to Scarselli dated November 21, 1745, Bassi reported that, during a meeting neither she nor her husband could attend, some academics tried to deny her voting rights in the new academy-a right she had held in the Academy of Sciences since 1732. Scarselli then contacted Galeazzi, the head of physics at the time, with the suggestion that if the Benedettini had any doubts about Bassi's voting rights, they were to contact the pope for clarification on that point. In a letter to Bassi, Scarselli voiced his opinion of the whole affair: "Monsignor Leprotti and I were surprised, not to say nauseated, by the extravagant difficulties the institute attempted to create without any reasonable foundation."76 Her appointment as Benedettina Academic was of pivotal importance in her career as a scientist. It meant that Bassi could collaborate with her husband and others. Moreover, from then on, she had full access to all the academy's facilities, and her output of dissertations rose to the level of other Benedettini. She also received 100 lire for being a member of the academy, plus reimbursement for materials used while carrying out experiments at the institute.77
It is important to look at some of Bassi's supporters, without whom she would have been unable to play a role in the intellectual life of the town. Among the laymen was Jacopo Beccari, a former professor of physics and then chemistry at the institute and a scientist of international renown.78 Beccari, along with Gabriele Manfredi, had been Bassi's examiner during her first public debate. From his 1732 letters, one can surmise that Beccari had been impressed with Bassi's abilities. In a language free of misogynist statements, the scientist hoped that Bassi would be allowed to continue on her chosen path.79 He also supported Maria Gaetana Agnesi after she had been named lecturer in mathematics at the university by the Bologna Senate. Beccari had begged Agnesi to come to Bologna and teach.80 Later on, Bassi, Beccari, and Veratti collaborated in several experiments at the academy, one when Father Giambattista Beccaria-the foremost defender of the Franklinian system in Italy-visited the institute for several months. Bassi always considered Beccari a friend and teacher.8' Bassi's patrons included highly placed prelates, such as Giulio Alberoni, who helped Bassi in her struggles with the Senate. Cardinal Alberoni came from a humble background: his father was a gardener; his mother, a weaver. He was able to study because of a benefactor. His rise to the highest ranks of the church had 76 Bassi's most important patron was Lambertini, the Bolognese noble who later became Pope Benedict XIV. Lambertini was an intellectual with several publications to his name; he was also a self-made man who achieved his position through work and intelligence, not as a representative of a great family, as former popes had been. Lambertini was responsible for university reforms during his papacy. He founded several academies in Rome and reformed its university as well. In Bologna, besides the foundation of the Benedettina Academy, he donated instruments and materials to the institute, established a chair of surgery, and opened a school of obstetrics to train midwives. Lambertini also lifted the restriction on works defending the Copernican system, including Galileo's works. It is an indication of the intellectual turmoil the Italian Catholic church was going through in the eighteenth century that Lambertini was considered a moderate during that period compared to some of the prelates surrounding him, men such as Leprotti, Ruggero Boscovich, and Cardinal Querini, the Vatican Library's prefect. These men would have preferred to move faster and farther in the church's reforms of society, the sciences, and education. The fact that Bassi was determined to work for her money only served to endear her to Lambertini and others like him, who were very critical of lecturers who did not.84 There is no doubt that Bassi would have achieved very little without Lambertini's support; however, she was not the only woman he helped attain academic positions or degrees. Agnesi was made lecturer in mathematics at the university through his efforts. Cristina Roccati received a degree in mathematics and philosophy from the same university in 1751. Also during Lambertini's lifetime, Faustina Pignatelli, Emilie du Chatelet, and Anne Marie du Bocage were made members of the Bologna Academy of Sciences, and Anna Morandi Manzolini was made a member of the institute's Accademia Clementina.85 A combination of reformist currents within the church and the personal intervention of a few enlightened clergymen opened opportunities for talented women like Bassi.
BASED ON THE DISSERTATIONS SHE PRESENTED YEARLY at the academy, Bassi's scientific output primarily concerned the physical sciences. With her training in mathematics, she was able to handle the classical sciences such as mechanicswhich included hydraulics-and optics, as well as the Baconian sciences of electricity, magnetism, and heat.86 When Bassi participated in any experiments in the biological sciences, it was usually to assist her husband or friends, such as in 1747 when Veratti was engaged at the academy's request in repeating Giovanni Francesco Pivati's experiments on the effectiveness of electric therapy.
The results of these experiments along with others were published as a book in 1748. In it, Veratti claimed, as did others, that the electrification of glass tubes containing medicinal substances allowed these substances to pass through the glass into the atmosphere. He also found that electricity by itself helped cure diseases such as arthritis. In the section dealing with the physical properties of electricity, Veratti criticized Abbe Nollet's double flux theory, which, according to Veratti, reduced electrical attraction and repulsion to a simple case of electricity "running from a body to another." To Veratti, the "electrical virtue, like attraction, was universally scattered and diffused in all corporeal nature," and the electric fluid, like light, had the property to be attracted by some bodies and rejected by others.87 The book was discussed at the Royal Society of London and was attacked by Joseph Priestley, Benjamin Franklin, and others who did not accept the notion that electricity might induce porosity in glass.88 Nollet, whose theory had been rejected by Veratti In 1769, Bassi participated in a debate outside her usual area of interest. It had been occasioned by the book of her ex-student and cousin, Lazzaro Spallanzani, Podromo di un'opera sopra la riproduzione in animali, published in 1768. Spallanzani had maintained that snails were able to grow back a new head if the original had been cut off. The scientist had assumed that when he removed the snail's head, he had also removed its brain or ganglia. Some disputed Spallanzani's results and objected, correctly, that in those that survived, the ganglia had remained, and what the snail reproduced was only part of its head.93
The controversy on the reproduction of the snail's head lasted several years, and Spallanzani, whose reputation was already considerable at the time, won out, in spite of his errors.94 During the first years of the debate, Spallanzani had asked several scientists, including Bassi, to repeat the experiments. In the spring and summer of 1769, and again in the spring of 1770, Bassi conducted the experiments according to Spallanzani's instructions and on the snails provided by him, and Spallanzani checked the results in person. Nothing is known of Bassi's results, despite Spallanzani's assurance that they would be published.95 When he published the various scientists' results on the reproduction of the snail's head in 1783, Bassi's findings were not among them.96 The reason for this omission was not stated. Perhaps she had not completed the experiments to his satisfaction; perhaps Spallanzani felt that by 1783, four years after her death, it was not important to include her name; or perhaps Bassi had arrived at a conclusion that Spallanzani did not desire.
OF THE THIRTY-ONE DISSERTATIONS Bassi presented to the Academy of Sciences, ten dealt with fluid mechanics. By showing an interest in fluids, Bassi was following in the footsteps of other Bolognese scientists, such as Domenico Guglielmini. Water was of particular concern to the region's inhabitants, some of whom sought to ensure that the plain was properly drained and others that the water from the rivers arrived in the town by means of canals, since much of Bolognese industry (paper, hemp, or silk) was water propelled at the time. Through the study of fluid mechanics, the academy could prove itself useful to the town.97 One of Bassi's published works, or opuscula, fit into this category.
The opusculum, published in 1757, tested the laws concerning the flow of liquids through openings. Bassi used Guglielmini's and Bernardino Zendrini's method, which calculated the quantity and average velocity of water exiting a hole and extended it to apply to two or more holes of known dimensions and positions under water. Once these solutions were found, and after considerable simplification, Bassi was able to derive an equation that could be used to determine the position and size of another hole of similar shape under water. Her method of finding a practical solution to a complicated problem was considered interesting and elegant by one of her contemporaries, as was her approach to solving a problem in classical mechanics that appeared in the same volume.98 In this second opusculum, Bassi used differential calculus to determine the motion of the center of mass of two or more bodies moving along any curved paths in a plane. If the two bodies had uniform rectilinear motion, rather than curvilinear motion, the problem was reduced to Lemma XXIII, Book I of Newton's Principia Mathematica. This work by Bassi was part of a trend in dissertations in the academy's journal, the Commentarii, which concentrated on classical mechanics and avoided the metaphysical and empirical assumptions about the nature of matter that had tended to characterize such analyses previously.99
Two further works by Bassi appeared in the Commentarii in the form of summaries, one in 1745 and another in 1791. The first dealt with deviations from Boyle's law, which states that the product of the volume of a gas and the pressure it exerts on a container, at constant temperature, is a constant.'00 Doubts had appeared as to the general validity of the law. Domenico Galeazzi in 1732, while testing deviations in the Amontonian thermometer, which was based on Boyle's law, found that its deviations were caused by variations in the elasticity of the air. 10' Bassi not only repeated the experiments in which the elasticity of the air was studied at different pressures and temperatures but also made new investigations using air taken in days that varied from being very humid to being dry. While she found that the relationship between volume and pressure established by Boyle's law was approached on dry days, it broke down on humid days. On humid days, Bassi could not contract the air to half the volume by doubling the pressure; this led her to ask whether it was possible that "humours" in the air affected its elasticity and therefore the results. Unpublished dissertations, summaries, and opuscula are evidence of Bassi's extensive activities at the academy, yet they represent only a fraction of the activities she described in her correspondence. Evidently, those activities did not translate into extensive publications. Fantuzzi in his eulogy wrote that such paucity of publications was due to domestic cares, pregnancies, and her constant occupation with the course she taught in experimental physics."' While this course may have hindered her writing (it was given regularly after 1749), Fantuzzi's statements may also simply be indicative of what was expected of women. Bassi was scientifically active and published papers while her children were still young. Domestic cares probably had little effect on her; throughout her married life, Bassi always had female servants at her disposal and lived with her mother until the latter's death."12
In a letter to Abbot Giovanni Amaduzzi, Veratti provides us with the best clue to Bassi's low number of publications: "Her few publications can be found in the Acts of our academy; many other opuscula exist pertaining to several subjects in physics, which she recited in the public or private sessions of the academy but did not publish because on that point she was very difficult. I will communicate them to my friends in due time, letting them decide if they are worthy of being inserted in the Acts of the academy."'3 Possibly Bassi was a perfectionist who not only lacked time but also had reservations about the quality and importance of her dissertations and so was reluctant to have them published. Since we know from the posthumous publication of one of her opuscula that the academy kept her dissertations, it also appears that Veratti's friends did not believe most of them were worthy of publication after her death. Even had she wanted to publish her five opuscula on electricity, which were presented after 1766, she would have been unable to do so; the journal of the academy was not published between 1766 and 1783.' "4 In fact, the number of her publications, two opuscula and two summaries, was about average for members of the academy. Of the seventy-five authors who appeared in the Commentarii during its existence, fifty-five had less than four opuscula to their name. Galvani, the most famous scientist at the academy, had only three of his dissertations published. As the journal did not appear often enough to include all the dissertations, many were left out, especially those on electricity, including all of Bassi's contributions.' 5 Consequently, information about her work on electricity and the debates with which she was involved are known to us only through the correspondence she maintained with the scientists involved and through the works of the scientists themselves.
Bassi appears to have become interested in the physical properties of electricity as early as 1746, when she and Veratti acquired their electric machine. She presented no dissertations on the subject until 1760. In 1756, however, Bassi met Father Beccaria, from the University of Turin, while he was visiting Bologna. She corresponded with him until her death, and he seems to have increased her interest in electricity. Beccaria, who had written in 1753 Dell'elettricismo artificiale e naturale, to "the applause of the learned," supported Franklin's theory, which expounded the idea of conservation of charge and rejected Nollet's notion of a double fluid. Franklin's supporters viewed electricity as one fluid, whose particles were able to act at a distance, run through conductors, and be arrested by insulators; they also believed that like charges repel and unlike charges attract each other. Franklin and others had understood some of electricity's fundamental properties, and they were instrumental in laying the foundation for the laws of the electrostatic force exerted between charged point bodies that were set forth by Charles Coulomb in 1788. 116 During his stay at Bologna, Beccaria (in collaboration with Bassi, Veratti, and Casali) engaged in a series of experiments on electricity at the academy. In his book Elettricismo atmosferico, Beccaria recorded an experiment suggested by Bassi that, according to him, supported the theory of the universal diffusion of the electric fluid."I7 Thanks to Beccaria, we have one of the few surviving records of an experiment in electricity suggested by Bassi.
It is from her correspondence with Beccaria and with Abbot Felice Fontana, one of her ex-students, that we know that Bassi was a supporter of the Franklinian system and that she continued to support it when many former Franklinians, such as Fontana and Carlo Barletti, had abandoned the field. In 1759, the Englishman Robert Symmer, through his experiments on the "contrary electricity" of black and white stockings, had resurrected the thesis of two distinct electric powers. Electricity did not consist of the afflux and effilux of those fluids as suggested by Nollet but the accumulation of one or the other of them in electrified bodies." 8 In a 1768 letter to Bassi, Fontana expressed his doubts about the Franklinian system of electricity, which he believed too general to explain certain effects.' '9 This letter was indicative of the controversy that arose in the 1760s when the Franklinian system failed to explain why bodies deficient in electricity repel one another (minus-minus repulsion). The controversy recommended the Symmerian system to many and forced defenders of the Franklinian system, such as Beccaria, to justify it by repeating experiments. To refute Symmer, Beccaria coined the term vindex electricity, first mentioned in a 1767 letter to Franklin and illustrated by many experiments in his Experimenta atque observationes quibus electricitas vindex constituitur atque explicatur (1769), a defense of the one-fluid system. 120 Bassi, who corresponded regularly with Beccaria, also contributed to the debate. By March 1769, having received Beccaria's latest work on vindex electricity and having already done some experiments on her own, Bassi communicated to him her reservations about this new double-fluid theory.'2' Bassi's participation in the controversy is also confirmed by an incomplete copy in her handwriting of a series of experiments done by Beccaria and repeated by her, along with her intention of doing new ones to disprove the double-fluid theory. 122 In 1771, Bassi presented to the academy a dissertation on vindex electricity, but it was never published. This work was nevertheless sufficiently developed to be sent to Abbot Fontana in 1775. From Fontana's reply, it is clear that Bassi was certain of the validity of Franklin's theory, since Fontana answered, "You have expressed in most ingenious and subtle terms of physics a defense of the Franklinian system."'23 From Bassi's letter to Beccaria of March 26, 1769, we also know that she had discovered that glass conducted electricity when heated. Joseph Priestley had come to the same conclusion in 1767. It is not known whether she had been aware of his experiments.'24 Three years earlier, Bassi and her husband were testing the effect of electricity on various substances. Similar tests were also carried out by Beccaria and Priestley. In 1774, Bassi had decided to set up an "observatory" at the family's country house, where she hoped that she, Veratti, and Beccaria could spend time experimenting on atmospheric electricity. Bassi and Veratti were also interested in the effect of electricity on magnetism; they suggested correctly, like Franklin, that there was a close relationship between the two. Bassi gave no dissertation on magnetism. Yet, by 1774, she was interested in investigating variations of the magnetic needle.'25 Carried out during the period that preceded any significant quantification in electricity,'26 Bassi's experiments appear to have been up to the standards of most workers in the field. Following the methodology she had embraced in 1732, Bassi helped advance the understanding of electricity. Laura Bassi's extensive commitment to physics is reflected in her correspondence, which after 1745, the year she was made a member of the Benedettina Academy, became almost exclusively scientific. 127 That correspondence continued to expand and involve young men just starting out in the field of physics such as Marsilio Landriani and Alessandro Volta. The latter, who went on to become a major contributor to the field of electricity, wrote her several letters, after he had learned from Spallanzani of her interest in electricity. He mentioned experiments done with a gun containing either metallic air (hydrogen) or swamp air (methane), which needed deflogistic air (oxygen) and the flame of an electric spark to trigger an explosion. Bassi wanted to acquire some swamp air and attempt similar experiments, since in 1775 she had received Fontana's eudiometers, which measured the air salubrity, and had already given a dissertation on the effect of flame on fixed air (carbon dioxide).'28 This correspondence with Volta and Fontana as well as her dissertation indicate that Bassi was becoming involved in a debate concerning Lavoisier and his new oxygen theory and Priestley and the phlogiston theory. In Italy, Priestley was being defended by Fontana, and Lavoisier eventually by Spallanzani. Unfortunately, as Bassi's activities were brought to an end by her death in 1778, and her dissertation on fixed air was lost, we do not know where she stood in the controversy.'29 ON FEBRUARY 20, 1778, LAURA BASSI DIED SUDDENLY. Just the night before, she had attended a session of the Academy of Sciences.'30 Bassi was the product of a society with a long tradition of offering a high level of education to certain women of the aristocracy and professional elite. The rewards Bassi received for her education-a degree, lectureship, and membership in an academy-cannot be considered unique and were not considered so by those who conferred them. What made Bassi unique was that she made use of rewards that would normally have remained symbolic to carve out a position for herself in the scientific community of her town and to contribute to its intellectual life through her research and teaching. She would not have been able to contribute to this life as effectively if she had not actively engaged the support of the men who encouraged a larger role for women in the academic and scientific world; she was fortunate enough to have encountered such men, Cardinal Lambertini for one, who occupied powerful positions in society and government.
Bassi's determination to teach privately if she could not teach publicly helped her with reformers such as Lambertini, Alberoni, and Albani and, ultimately, elicited recognition from those who had been reluctant to let her teach publicly: the Bologna senators. As a teacher, Bassi contributed to the spread of Newtonian physics and the Franklinian system of electricity in Bologna and in Italy. In her scientific activities, Bassi, unlike most women of the period, did not merely dabble in science but concentrated on narrow fields of physics, kept abreast of the latest developments, and successfully concluded many experiments, which were then presented as dissertations to the academy. Like most physicists of the past and present, she did not make key contributions to physics. Her level of professionalism, however, made her a pioneer female physicist, and as such she was an exceptional case for her time. Her role as a woman teacher of men of university age was also exceptional, and as a teacher her influence was long lasting. She contributed to the intellectual development of many men of science, particularly her cousin, Spallanzani, whose contributions to medicine had lasting importance.
